has been also prepared by the treatm ent o f (E t2C lS n )20 w ith P O C l3. T he infrared spectra o f P h3S n 0 2P X 2 (X = Cl, Br) and Et2S n ( 0 2PCl2)2 are fou n d to be con sisten t w ith polym eric structures with pentacoordinated tin atom s in Ph3S n 0 2P X 2 and h exacoord in ated tin a to m s in Et2S n ( 0 2PCl2)2. The E l m ass spectra o f R 3S n 0 2PCl2 (R = M e, Ph) and R 2S n ( 0 2PCl2)2 (R = M e, Et) are given and discussed.
Introduction
The reactions of P20 3C14 with M e3SnCl and Me2SnCl2 produce Me3S n 0 2PCl2 and M e2S n (0 2PCl2)2, respectively [1] , Phosphorus oxychloride reacts with (Me3Sn)20 , with unsymmetrical cleavage of S n -O -S n bonds to give M e3S n 0 2PCl2 and Me3SnCl [2] , The scission of S n -O bonds in (Me3Sn)20 and [(C4H 9)3Sn]20 by P20 3F4 leads to Me3S n 0 2P F 2 [3] and (C4H 9)3S n 0 2P F 2 [4] , respectively. Solvolysis of R 2SnCl2 (R = C H 3, C2H 5, n-C3H 7 and n-C4H9) in an excess of HO-,PF-, affords R 9Sn(0-,PF2)2 and HC1 [5] ,
The 0 2PX2 groups (X = F, Cl, Br) in inorganic and organometallic dihalophosphates show a vari ety o f structures, but in most common cases 0 2PX2 groups function as bidentate bridge ligands via the oxygen atom s [6] . On the basis of vibrational and 119Sn M össbauer spectra, R2S n(02P F 2)2 [5] and M e2S n (0 2PCl2)2 [1] have been assigned polymeric structures in which the tin atoms are hexa-coordinated with the alkyl groups in trans octahedral po sitions and bidentate bridging 0 2P F 2 and 0 2PC12 groups bonded through oxygens. M e3S n 0 2PCl2 has been shown by single crystal X-ray diffraction to have polymeric chains of Me3Sn groups linked by 0 2PC12 bridges [7] . In this paper, the reactions of POX3 (X = Cl, Br) with (Ph3Sn)20 and the reactions of POCl3 with R 2SnO (R = Me, Et) and with (Et2ClSn)20 are de scribed. The infrared spectra of the products Ph3S n 0 2X 2 and E t2S n (0 2PCl2)2 are discussed. The El mass spectra o f R 3S n 0 2PCl2 (R = Me, Ph) and R 2S n (0 2PCl2)2 (R = Me, Et) are also reported.
Results and Discussion
The reaction of POCl3 or POBr3 with (Ph3Sn)20 in toluene at am bient tem perature proceeds with unsymmetrical cleavage of S n -O -S n bonds and form ation of Ph3S n 0 2PCl2 and Ph3S n 0 2PBr2, re spectively. POX3 (X = Cl, Br) + (Ph3Sn)20 -» Ph3S n 0 2PX 2 + Ph3SnX An X-ray structure study has shown that (Ph3Sn)20 consists of isolated molecules, with the S n -O -S n angle at 137.3° [8] , POCl3 reacts similarly with toluene suspensions of R 2SnO (R = Me, Et) to give R 2S n (0 2PCl2)2.
It is well known that dialkyltin oxides readily com proportionate with dialkyltin halides to give halogen substituted organodistannoxanes [9, 10] , Thus, the initially formed R 2SnCl2 may combine with unreacted R 2SnO to afford the soluble (R 2ClSn)20 . We have found that the addition of POCl3 to an equim olar am ount of (Et2ClSn)20 in toluene or cyclohexane at room tem perature leads to a precipitate of E t2S n (0 2PCl2)2.
2 POCI3 + 2 (Et2ClSn)20 -* Et2S n (0 2PCl2)2 + 3 Et2SnCl2
Phosphorus oxyhalides and thiohalides cause the scission of the S n -O bonds in (M e3Sn)20 . Accordingly, M e3SnOSPF2 and M e3SnOSPR'R" (R'R" = M e2, MePh, Ph2) were obtained by the reaction o f (Me3Sn)20 with PSF3 [3] and R'R"PSC1 [11] , respectively.
In this connection it is worth noting that acid chlorides such as SOCl2 and AcCl react with organotin oxides. The reactions between bis(trialkyltin) oxides or dialkyltin oxides and SOCl2 give the corresponding organotin chlorides and S 0 2 [12] . Acetyl chloride reacts with an equim olar am ount of R2SnO to form R 2SnC10Ac. U pon fur ther addition of AcCl, the dialkyltin chloride ace tates are converted into the corresponding dichlor ides [10, 13] , The treatm ent of (R 2ClSn)20 with acetic acid or acetic anhydride affords R 2ClSnOAc [14] . The IR spectra of Ph3S n 0 2PX2, with the relative intensities and assignments, are shown in Table I . The bands arising from vibrations of the phenyl rings are assigned by comparison with reported spectra of triphenyl tin com pounds [15, 16] . The assignment of 0 2PX2 frequencies is done by analo gy with those reported for the corresponding dihalophosphoric acids derivatives [6] , Special im portance will be placed on the inter pretation of the 0 2PX 2 vibrations, particularly the v(P02) modes, which should be indicative for the bonding type o f the 0 2PX2 groups. The quantity Av = vas(P 0 2) -v s(P 0 2) enables bidentate to be dis tinguished from m onodentate 0 2PX2 ligands. The values of Av at 140 cm " 1 in Ph3S n 0 2PCl2 and at 136 cm -1 in Ph3S n 0 2PBr2 are consistent with the presence of bidentate dihalophosphate groups. M onodentate bonded 0 2PX2 groups show much higher Av values as a result of the relatively high v(P = 0 ) and low v(P -O ) frequencies [6] , A poly meric structure for Ph3S n 0 2PX2 with 0 2PX2 bridg ing groups via the oxygen atoms is in accord with the IR spectra and with the insolubility of the com pounds in common organic solvents. The vibrations of 0 2PC12 and 0 2PBr2 groups have been analyzed assuming C2v symmetry. The band at 582 cm -1 is attributed to vas(PCl2) and at 565 cm -1 to vs(PCl2). The vas and vs(PBr2) frequen cies are observed at 517 and 500 cm-1, respective ly. Comparison o f the IR spectra of Ph3S n 0 2PCl2 and Ph3S n 0 2PBr2 reveals the v(PX2) assignments.
The position of v(P02) and v(PCl2) for Ph3S n 0 2PCl2 are very close to the corresponding frequencies in the IR spectrum of Me3S n 0 2PCl2 [1] , This observation might be expected in view of the structural similarity of the compounds.
The S n -P h vibrations in triphenyltin com pounds fall within the 200-300 cm" 1 range [17] .
The vas(S n -P h ) frequencies for Ph3S n 0 2PCl2 and Ph3S n 0 2PBr2 are assigned at 278 cm -1. b) Et2Sn( 0 2PC12) 2 vas(P 0 2) and vs(P 0 2) are observed in the IR spec trum of Et2S n (0 2PCl2
The vas(PCl2) and vs(PCl2) vibrations are attri buted to bands 588 and 572 cm -1, respectively.
The frequencies of the E t2Sn group are assigned by comparison with the vibrational spectra of Et2Sn containing com pounds [18, 19] Table II gives the intensities of characteristic peaks in the El mass spectra (70 eV) of R 3SnOiPCl2 (R = Me, Ph) and R 2S n (0 2PCl,)2 (R = Me, Et).
M a s s S p e c tr a
The molecular ion of the m onom er appears only in the spectrum o f Ph3S n 0 2PCl2 (m/e = 484, 9%). On the other hand the spectra of R 3S n 0 2PCl2 show the m olecular ion minus R (R2S n 0 2PCl2+) in considerable abundance.
Ions of masses greater than the molecular weight of the monomer, with very low abundance, are detected in the spectra of Me3S n 0 2PCl2 (M e3S n 0 3PCl2+ m/e = 314, 1% and traces of higher species) and Ph3S n 0 2PCl2 (Ph2S n 0 4P2Cl3+ m /e = 505, 1%). These observations are consistent with the polymeric nature of the compounds.
R 2SnCl+ ions are the base peak in the spectra of R 3S n 0 2PCl2, while the spectra of R2S n (0 2PCl2)2 exhibit POCl2+ ions as a base peak.
The appearance o f R 3SnCl + and R2SnCl2+ peaks in the spectra o f R3S n 0 2PCl2 and R 2S n (0 2PCl2)2, respectively, and the peaks originating from the successive loss of the organic group from these organotin chloride ions represent a characteristic feature of the spectra. The origin of R 3SnCl + and R 2SnCl'2 + can be accounted for by the loss of P 0 2C1 from R 3S n 0 2PCl2+ and by the loss of 2 P 0 2C1 from R 2S n (0 2PCl2)2+, respectively.
The most stable and therefore most abundant tin-containing fragments are the tri-and m ono substituted ions. This is consistent with earlier ob servations on other organotin systems [20] [21] [22] , The spectra of the four organotin dichlorophosphates show a peak at m/e = 215 with relatively high abundance. This peak has been assigned to the P20 3C13+ ion, which may arise from the com bi nation of POCl2+ with P 0 2C1. The characteriza tion of P20 3C13+ peaks have been supported by the calculated isotopic cluster abundance for P20 3C13+ (the main masses: 215, 100%; 217, 96.96%; 219, 31.27%). The Ph2+ peak (m/e = 154, 93%) appears with high abundance in the spectrum of Ph3S n 0 2PCl2. Such peak has been observed in the spectra of Ph3SnX (X = F, Cl, Br) and forms by elimination of PhSnX from Ph3SnX + [20] ,
The high abundance o f SnCl+ ions com pared with R Sn+ ions indicates the greater ease with which S n -C bonds are cleaved compared with S n -C l bonds.
The spectra of R2S n (0 2PCl2)2 show the ligand fragments such as P 0 2C1+ (int. for Me2S n (0 2PCl2)2 6% and for Et2S n (0 2PCl2)2 7%), PC12+ (7% , 4%), POCl+ (31%, 16%), PC1+ (17%, 8%), P 0 2+ (7%, 5%) and PO + (80%, 60%); M e3S n 0 2PCl2 exhibits POCl2+ (37%), H P 0 2C1+ (50%), POCl+ (8%), P 0 2+ (17%) and PO + (89%). In case of Ph3S n 0 2PCl2 the fragments POCl2+ (24%), P 0 2+ (5%), PO + (8%), C6H 5+ (72%) and C4H 3+ (40%) have been detected.
Other ions, not listed in Table II , are also pres ent, but they are weak. The spectrum of M e2S n (0 2PCl2)2 contains the ion Me2S n 0 4PCl2+ (m/e = 315, 2%). Et2S n (0 2PCl2)2 shows the ion Et2S n 0 3PCl+ (m/e -292, 1.5%) and the ion E tH S n 0 4PCl2+ (m/e = 315, 1.5%).
Experimental
The IR spectra were obtained with a Bruker in strum ent IFS 88 equipped with KBr and polyeth ylene window; Nujol or Hostaflon mulls were used. Mass spectra were recorded on a Varian M AT C H 7 A instrument. The elemental analyses were performed by the analytical laboratory of Fachbereich Chemie der Universität M arburg, Germany.
Literature procedures were used to prepare (Ph3Sn)20 [23] , (Et2ClSn)20 [24] , R 2SnO (R = Me, Et) [25] and M e3S n 0 2PCl2 [1] , The reactions be tween organotin oxides and phosphorous oxyhalides were carried out under anhydrous conditions.
Preparation o f Ph3S n 0 2PC l2
POCl3 (0.2 g, 1.3 mmol) was added to a solution o f (Ph3Sn)20 (lg , 1.4 mmol) in 15 ml toluene at room temperature. Form ation o f a white crystal line precipitate o f Ph3S n 0 2PCl2 began after about 10 min. The reaction mixture was kept for 2 days at room temperature. The precipitate was filtered off, washed with ether and dried in vacuum. The yield of Ph3S n 0 2PCl2 was 0.53 g (84%). P h3S n 0 2PCl2 is unsoluble in benzene, CH2C12 and CC14m .p. (sealed tube) 175 °C. 
Preparation o f Ph3S n 0 2PBr2
A solution o f POBr3 (0.6 g, 2.1 mmol) in 5 ml toluene was added to a solution o f (Ph3Sn)20 (0.8 g, 1.12 mmol in 10 ml toluene) at room tem perature. The reaction mixture was turbid and after about 1 h began to form a white crystalline precipitate. The reaction m ixture was kept over night at room tem perature. The precipitate of P h3S n 0 2PBr2 was filtered off, washed with ether and dried in vacuum. The yield was 0.4 g (62.5%). P h3S n 0 2PBr2 is unsoluble in C H 2C12, benzene. 
Preparation o f E t2Sn( 0 2PC12) 2
a) R e a c tio n o f E t 2S nO w ith P O C l3 E t2SnO (0.5 g, 2.59 mmol) was suspended in 10 ml toluene and POCl3 (0.6 g, 3.91 mmol) added with stirring at room tem perature. After standing for 2 days the white precipitate of Et2S n(02PCl2)2 was filtered off, washed with ether and dried in vacuum. The yield was 0.40 g (69.4%), m .p. (sealed tube) 132° (decomp). Et2S n (0 2PCl2)2 is un soluble in hexane or C H 2C12 and shows decompo sition when left for several days at room tem pera ture. The com pound should be preserved in the re frigerator. b) R e a c tio n o f ( E t 2C lS n ) 20 w ith P O C l3 PO C l3 (0.2 g, 1.30 mmol) was added to a solu tion o f (Et2ClSn)20 (0.5 g, 1.14 mmol) in 8 ml tol uene with stirring at room temperature. After 30 min the resulting precipitate o f Et2S n(02PCl2)2 was filtered off, washed with ether and dried in vacuum. The yield was 0.13 g (52%). The IR and mass spectra of this product are identical with that from the reaction of Et2SnO and POCl3. Calcd C 10.80 H 2.25 Cl 31.91 P 13.93, Found C 10.99 H 2.10 Cl 32.14 P 13.37.
Preparation o f M e2S n ( 0 2PC12) 2
To a suspension o f M e2SnO (0.5 g, 3.01 mmol) in 10 ml toluene POCl3 (0.7 g, 4.57 mmol) was added with stirring at room tem perature. After 2 days the precipitate o f Me2S n (0 2PCl2)2 was fil tered off, washed with ether and dried in vacuum. The yield was 0.45 g (71 %). 
